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The impact of temperature on human health: new insights  
Ambient temperature is one of the basic parameters characterising human comfort: are we too 
hot, too cold, or just right? The impact of temperature goes beyond comfort: inadequate 
temperature and temperature variations have consequences on human health, as the 
increasing numbers of studies have demonstrated. The topic is of particular significance at the 
times when climate change shifts the traditional – as we know them- temperature zones, and 
brings much wider temperature variations. For these reasons the impact of temperature on 
health has been one of the most popular topics among the articles submitted and published in 
Science of the Total Environment  over the last few years. This Virtual Special Issue compiles 
18 articles published in our journal on this topic since 2012. It is worth briefly summarizing 
the rich scientific insights brought by these articles, as well as broader considerations, 
particularly those extending to management, discussed by the authors of the articles.   
Many facets of temperature have potential health consequences, and therefore in addition to 
the investigations focusing on temperature (Wang et al., 2014; Meng et al., 2012; Bai et al., 
2014b), mean temperature (Bai et al., 2014a), daily mean temperature (Yang, C. et al., 2015) 
or daily temperature (Breitner et al., 2014), a number of papers considered temperature 
variation and range: diurnal temperature range (DTR) (Zhou et al., 2014; Wang et al., 2013; 
Qiu et al., 2015; Ding et al., 2015), or temperature variation (Kim et al., 2015). Yet, other 
studies focused on temperature extrema: extreme high (Zeng et al., 2014), extreme heat (Gao 
et al., 2015), heat wave (Chen et al., 2015), extreme low and high (Lin et al., 2013b). 
Additional aspects investigated were the optimal cold-temperature indices (Lin et al., 2013a), 
and heat indices (Sung et al., 2013).  
The most commonly investigated effect was mortality (Zeng et al., 2014; Gao et al., 2015; 
Sung et al., 2013; Tobías et al., 2012; Ding et al., 2015); cardiovascular (Wang et al., 2014; 
Yang, C. et al., 2015), non-accidental, cardiovascular, out-of-hospital (Bai et al., 2014a), 
total, cardiovascular, and respiratory (Zhou et al., 2014; Meng et al., 2012), cause specific 
(Breitner et al., 2014; Chen et al., 2015), all-cause, cardiovascular, cerebrovascular, and 
respiratory (Kim et al., 2015), all causes and cardiopulmonary (Lin et al., 2013a), 
cardiovascular and cerebrovascular. A much smaller number of studies focused on 
morbidity, with the majority of those, on hospital admissions (Bai et al., 2014b): among 
elderly adults  (Wang et al., 2013), of kidney diseases (Lin et al., 2013b), and for asthma (Qiu 
et al., 2015). Most of the studies considered lag in effects, with the longest investigated up to 
21 and 26 days, (Kim et al., 2015) and (Lin et al., 2013a), respectively. 
Age, sex, education and ambient air pollution were the typical modifiers included: age (Sung 
et al., 2013; Lin et al., 2013b); age and sex (Zhou et al., 2014; Bai et al., 2014b); age, sex and 
education (Wang et al., 2014; Bai et al., 2014a; Zeng et al., 2014); age and air pollution 
(PM10 and maximum 8-h ozone) (Breitner et al., 2014); age, sex, education, and PM10, NO2, 
SO2 (Chen et al., 2015); air pollution (PM10) (Meng et al., 2012); humidity and air pollution 
(PM10) (Kim et al., 2015); weather, PM10, NO2, SO2, season (Wang et al., 2013); PM10, NO2, 
O3 (Qiu et al., 2015); relative humidity, day-of-week (Yang, C. et al., 2015). In addition to 
relative humidity Chen et al., 2015, also controlled for seasonality, day of the week, holiday 
and population size. 
The vast majority of the studies were conducted in China: Suzhou (Wang et al., 2014), 
Nanjing (Chen et al., 2015), Beijing (Wang et al., 2013), Hong Kong (Qiu et al., 2015), Yuxi 
(Ding et al., 2015), Shanghai (Yang, C. et al., 2015), 5 large cities (Gao et al., 2015), 8 large 
cities (Zhou et al., 2014; Meng et al., 2012), Guangdong Province (Zeng et al., 2014) and 
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Tibet (Bai et al., 2014a; Bai et al., 2014b). Studies of Asia outside of China were in Taiwan: 
Northern, Central and Southern (Lin et al., 2013a), 6 cities (Sung et al., 2013), 7 regions (Lin 
et al., 2013b); and Seoul, Korea (Kim et al., 2015), while the two European studies were 
conducted in Bavaria, Germany (Breitner et al., 2014) and Gran Canaria, Spain (Tobías et al., 
2012). This distribution of study locations is unlikely to reflect the actual distribution of 
studies conducted around the world (with the majority in China), but rather stems from 
Science of the Total Environment being the journal of choice for Chinese authors.  
All the studies, without exceptions, found some significant impacts of temperature on the 
health effects in question. The differences were in the magnitude of the impacts, the role of 
the modifiers, the lag identified and the shape of the temperature-effect relationship.      
In particular, increased mortality was showed to have significant associations with both hot 
and cold temperatures (Wang et al., 2014; Breitner et al., 2014; Yang, C. et al., 2015); 
extreme heat or heat waves (Zeng et al., 2014; Gao et al., 2015; Chen et al., 2015; Sung et al., 
2013); with DTR (Ding et al., 2015) and especially in cool seasons (Zhou et al., 2014); cold 
(Lin et al., 2013a); and cumulative cold effects (Bai et al., 2014a). Increase in hospital 
admissions and acute adverse effect on asthma (with significantly greater effect in cool 
season) was associated with DTR (Wang et al., 2013) and (Qiu et al., 2015), respectively; and 
with daily average temperatures but not with prolonged heat extremes on hospital 
admissions of kidney diseases (Lin et al., 2013b). High temperatures were associated with 
increases in morbidity, to a greater extent than low temperatures (but the immediate causes 
varied (Bai et al., 2014b).  
With the exception of two studies (Lin et al., 2013b), age was identified as an important 
modifying factor by the majority of studies investigating it: (Breitner et al., 2014; Chen et al., 
2015; Sung et al., 2013), over 65 years (Bai et al., 2014a; Zhou et al., 2014; Bai et al., 
2014b), over 75 (Zeng et al., 2014; Wang et al., 2013). Some studies found that being female 
was associated with a higher risk in association with temperature (Zhou et al., 2014; Zeng et 
al., 2014; Chen et al., 2015), while others shown the opposite, pointing to males being more 
vulnerable (Bai et al., 2014a; Bai et al., 2014b; Ding et al., 2015). Children in general were 
shown more vulnerable to DTR and asthma effects (Qiu et al., 2015), while a complex 
relationship between DTR, age and sex was shown in (Ding et al., 2015): the risk of mortality 
with extreme high DTR was greater for males and age < 75 years than females and age ≥ 75 
years.  
Low education was associated with high impacts of temperature in (Bai et al., 2014a; Chen et 
al., 2015) but not in (Wang et al., 2014) or (Zeng et al., 2014). Similarly, the impact of air 
pollution was shown to be a modifier in some, but not all the studies.  Some effect of 
modification by ozone, but not for PM10, was shown in (Breitner et al., 2014), results were 
less sensitive to the inclusion of air pollutants in (Chen et al., 2015), while extremely high 
temperatures (but not extremely low) increased the associations between PM10 daily mortality 
in (Meng et al., 2012). It should be kept in mind that the PM10 concentrations in the Chinese 
cities – the focus of the study were much higher than in Western countries, ranging from 65 
μg/m3 to 124 μg/m3.  
Even more complex appears to be the relationship between the time which lapses since the 
exposure and the onset of the effects: the lag, which in general has been shown to be cause 
specific (Bai et al., 2014b). Heat tends to have more immediate effects (Bai et al., 2014a), of 
short lag when temperatures exceeded some threshold levels (Gao et al., 2015), peaking at lag 
0–2 (Zeng et al., 2014), 0 to 3 days (Sung et al., 2013), or 5 days (Yang, C. et al., 2015), 
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while the impact of cold seem to lasted longer for weeks rather than days (Bai et al., 2014a; 
Yang, C. et al., 2015). Some of the studies quantified the relationship between temperature 
increase, lag and the effects. For example (Zhou et al., 2014) estimated that a 1 °C increment 
of DTR on lag-day 1 corresponded to an increase of mortality: a 0.42% (95% CI, 0.14 to 
0.70) in total non-accidental, 0.45% (95% CI, 0.26 to 0.65) in cardiovascular, and a 0.76% 
(95% CI, 0.24 to 1.29) in respiratory, in cool seasons.   
In general, the shape of the temperature-effect relationship has proved to be non-linear: of U- 
or J-shaped curves for temperature–mortality relationships for all cause-specific mortality 
categories (Breitner et al., 2014); J for cardiovascular disease mortality (Yang, C. et al., 
2015); V- or J-associations between daily average temperatures and the RR estimates for 
hospital admissions of kidney diseases, with the lowest risk around 25 °C, and the high, of 
more profound influence than low temperatures (Lin et al., 2013b); J-shaped curves for non-
accidental, cardio- respiratory and cardiovascular mortality as cumulative effects of DTR, 
while U-shaped for respiratory mortality, and with strong monotonic increases at a DTR of 
approximately 16°C (Ding et al., 2015). 
The above is just a very general summary of some key aspects of the findings, to demonstrate 
the complexity of the topic, and not a comprehensive synthesis. As emphasised in (Kim et al., 
2015): ‘…the time-varying nature of the temperature–mortality relationship depends not only 
on suggested factors, such as improvements in technology and infrastructure, and human 
physiological acclimatization, but also mortality displacement and lagged effects. Further 
studies on its complex nature are needed to provide relevant evidence for public health policy 
making’. The significance and the impact of policies were also stressed in (Tobías et al., 
2012) which questioned the appropriateness of the activation timing of the prevention plans 
by the Government, and also the temperature thresholds established for their implementation. 
Another emerging factor is human adaptation to low temperature, which was observed by 
Yang, C. et al., 2015. Is this due to changes in social-economic status, or to the changing 
nature of climate conditions? Further research is needed to answer these questions. 
This brings us to another import topic explored by two of the studies: heat wave definition 
(Gao et al., 2015; Chen et al., 2015), which both of these studies developed. A heat wave 
definition is usually based on a threshold temperature being exceeded over 1 to 4 days. 
Creating a strict heat wave definition may help governments take action, as it provides a 
simple rule for implementing actions (such as public warning systems or opening cooling 
centres). But there are some potentially serious drawbacks to using a strict definition. 
A consistent and reliable heat wave definition for health purposes probably does not exist. 
This is because the association between heat and health is complex and depends on factors 
beyond recent temperature as discussed above. For example, heat waves that occur early in 
summer may be more deadly than those that occur later in summer, possibly because of a 
change in the number of vulnerable people. Heat wave definitions are likely to change over 
time as the population ages and the number of vulnerable people increase. In those cities 
where air conditioning becomes more widely used we would expect the temperature 
threshold to decrease as the overall exposure to high temperatures will decrease. These 
gradual changes mean a heat wave definition that has worked well in the past may perform 
poorly in the future. Lastly a small change in a heat wave definition can lead to a large 
change in the estimated health effects (Chen et al., 2015), which is a strong sign that there is 
no consistent and reliable heat wave threshold.  
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A focus on extreme heat has potentially negative consequences for public health. It sends the 
message that temperature is only dangerous above a threshold, and hence preventive action 
only needs to be taken at these temperatures. This is biologically implausible at a population 
level. On the other hand some trigger for action is probably better than none at all, but every 
heat wave trigger should be issued with a warning that it is a compromise and high 
temperatures just below the temperature threshold are also likely to be dangerous. 
Heat waves bring the issue to the public’s attention, as the spike in deaths can create media 
interest and pressure for a government response. As researchers we should look beyond the 
spike and focus on the wider and larger problem of high temperatures. We need to find 
effective ways to reduce the burden of high temperatures. As the frequency and intensity of 
high temperatures increases around the world, researchers should focus on creating reliable 
data that helps governments reduce the burden of high temperatures. 
 
Adrian Barnett 
Lidia Morawska 
Queensland University of Technology 
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